, which is released from cytoplasmic granules of activated phagocytes by a degranulation process, reacts with H 2 O 2 (generated during the oxidative burst) and chloride ions to generate hypochlorous acid/hypochlorite (HOCl/OCl -). HOCl, a strong oxidant, in turn reacts with proteins to form HOCl-modified proteins. The presence of these cytotoxic chloramines during inflammatory conditions, eg, atherosclerosis and glomerular and tubulointerstitial injury, suggested that chloramines are powerful oxidants that can have profound biologic effects. In the present study, immunoreactive MPO was identified in fetal membranes and the basal plate and in maternal and fetal blood cells of human placental tissues. Monocytes/macrophages represent the major cell source for MPO in human placental tissues. Immunohistochemical findings revealed that HOCl-modified proteins are present in normal human term placenta but not during the first trimester of pregnancy (Weeks 7 to 12). HOCl-modified proteins were localized in areas formed by fetally derived cells as well as maternal decidual tissues, ie, areas where fetal extravillous trophoblast cells invade the maternal tissue and stimulate the maternal immune system. HOCl-modified proteins, products of the MPO-H 2 O 2 -chloride system in vivo, were not present intracellularly, but immunoreactivity for HOCl-modified proteins was cell-associated and/or present in the extracellular matrix. Extravillous trophoblast cells, which may also exert phagocytic activities, showed no intracellular immunoreactivity for MPO or HOCl-modified proteins. The present findings indicate that the generation of HOCl-modified proteins during normal pregnancy is a physiologic rather than a pathophysiologic process. (Lab Invest 2001, 81:543-554).
T he human placenta is hemochorial, meaning that it is directly bathed in maternal blood. One of the prime functions of the placenta is the transportation of substrates for energy metabolism as well as precursors for biosynthesis of macromolecules needed during the period of growth and development in utero (Dockery et al, 2000; Watson and Burton, 1998) . Exchange between the maternal and fetal circulation occurs in the placenta through chorionic villi. These structures are composed of an outer layer of syncytiotrophoblast, which is maintained by the underlying mononuclear cytotrophoblast cells. Subjacent to the trophoblast layer is a well-developed basal lamina, which separates the trophoblast compartment from the mesenchymal core. The core is composed of fibroblasts, placental macrophages (Hofbauer cells), and cells of the placental vasculature, all of which are embedded in an extensive extracellular matrix. Some trophoblast cells can be found outside the chorionic villi, ie, the extravillous trophoblast cells (Benirschke and Kaufmann, 1995) . These extravillous trophoblast cells deeply invade the uterine wall, a process that is essential for the development of a pregnancy. Interactions of maternal leukocytes and decidual cells with the invading trophoblast cells may play a crucial role in trophoblast migration and invasion, and control the remodeling of the extracellular matrix (Hunt et al, 2000; Loke and King, 2000) . Furthermore, this interaction is involved in establishing the immunologic tolerance of the fetus and is mainly regulated by maternal monocytes/macrophages, natural killer cells, and, to a lesser extent, T lymphocytes (Loke and King, 1995) .
Monocytes/macrophages, professional phagocytes with the prime function of immunosurveillance and host defence against infection, generate reactive oxygen species (ROS) (Babior, 1978) . This reaction, known as the oxidative burst, involves the single electron reduction of oxygen to the superoxide anion radical catalyzed by an NADPH or NADH oxidase. Superoxide dismutase converts the superoxide anion to H 2 O 2 , which is further converted to water and molecular oxygen by catalase. Under appropriate stoichiometric conditions, the superoxide anion reacts with nitric oxide (a free radical) to form peroxynitrite (Beckman et al, 1994) , an oxidant that may cause vascular damage. Two alternative pathways for gen-
Figure 1.
Immunohistochemical detection and immunofluorescence double labeling of myeloperoxidase (MPO) and hypochlorous acid (HOCl)-modified proteins in serial sections of fetal membranes. A, Identification of trophoblast layer in the chorion, using the cytokeratin marker MNF116 (dilution 1:500) as the primary antibody. B, Identification of monocytes/macrophages using the CD163-specific mAb Ber-MAK-3 (dilution 1:50). C, Identification of neutrophils using the elastase-specific mAb M 0752 (dilution 1:50). The same pattern of immunoreactivity was observed using anti-human neutrophil cathepsin G antiserum (not shown). D, Immunoreactivity
Hammer et al erating reactive nitrogen species exist that each involve myeloperoxidase (MPO) (Carr et al, 2000; Hazen et al, 1999 (Weiss et al, 1982) . This short-lived and diffusible oxidant is believed to have a major role as a potent microbicidal agent in the immune defense. It can participate in a variety of secondary nonenzymic reactions, such as oxidation or chlorination. HOCl reacts with thiols and thioesters, Fe-S centers, nucleotides, with unsaturated fatty acids to form chlorohydrins, and with amines to form reactive chloramines, which are powerful oxidants (Thomas et al, 1986) . The presence of HOCl-modified target compounds underscores the potential role of the MPO-H 2 O 2 -chloride pathway during early and acute stages of inflammation, eg, atherosclerosis and glomerular and tubulointerstitial injury (Malle et al, 1997) . The predominant in vivo sources for MPO released during the oxidative burst are neutrophils and monocytes, in which MPO makes up 5% and 1% in the total cell protein content, respectively.
The course of pregnancy is accompanied by a balance of generation and decomposition of ROS, which may simply derive from oxygen consumption by placental tissue and active energy metabolism from mitochondrial activities. Both changes in the levels of lipid peroxides during pregnancy (Takehara et al, 1990; Walsh et al, 2000) and immunohistochemical localization of epitopes indicative of lipid peroxidation (Casasco et al, 1997) and nitrating intermediates (Myatt et al, 1996) , suggest that ROS are generated in human placenta during normal gestation. In a recent in vitro study, HOCl-exposure of human amnio-chorion led to changes in the cellular characteristics of amnionic fibroblast and cytotrophoblast cells and changes in the extracellular matrix (Plessinger et al, 2000) . As MPO is believed to be an essential enzyme in generating modified/oxidized proteins, the purpose of the present study was to localize MPO in human placental tissues and to identify the cellular source of MPO. We also identified and localized HOCl-modified proteins in term placental tissues during normal gestation.
Results

Immunohistochemistry
Fetal Membranes. The fetal membranes arise from three different tissues: (1) the amnion, derived from fetal ectoderm, which consists of the amnionic epithelium, underlined by a basal lamina, and the amnionic connective tissue; (2) the chorion laeve, containing fetally derived trophoblast cells and fetal mesenchyme; and (3) the decidua capsularis, which is the outermost layer of the fetal membranes and represents maternal decidual tissue. As fetally derived trophoblast cells are only present in the chorionic part of the fetal membranes, a trophoblast marker (MNF116) was used to localize the chorion laeve and to identify trophoblast cells located within this area. Trophoblast cells were present in the central layer of the fetal membranes (Fig. 1A) . Tissue macrophages and activated monocytes, recognized by their immunoreactivity to the mAb Ber-MAK-3, were regularly found in the connective tissue of the amnion, the chorion laeve, and the decidua capsularis (Fig. 1B) . Neutrophils, identified by antibodies raised against neutrophil-derived elastase and cathepsin G, were present in the chorion laeve and the decidua capsularis (Fig. 1C) . Immunoreactivity for MPO was located in the decidua capsularis and the chorion laeve but not in the amnion ( Figure 1D ). Immunoreactivity for MPO was associated with neutrophils and monocytes/macrophages but was also present in the extracellular matrix. Pronounced MPO immunoreactivity was found at the feto-maternal contact zone (Fig. 1E) , where fetal trophoblast cells (devoid of MPO immunoreactivity) come close to maternal cells of the decidua capsularis. However, the connective tissue of the amnion was devoid of MPO immunoreactivity.
An immunofluorescence double-labeling technique was used to determine whether trophoblast cells or leukocytes were the in vivo source for MPO. Figure 1F shows that trophoblast cells (identified with MNF116) were devoid of MPO, both on the cellular surface and in the cytoplasm. However, pronounced MPO immunoreactivity was usually colocalized with CD45-immunoreactive cells (Fig. 1G) .
A pattern of immunoreactivity similar to the one shown for MPO ( Fig. 1D and E) was obtained with mAb (clones 2D10G9 and 10A7H9) that specifically recognize HOCl-modified proteins (Fig. 1H) . Immunoreactivity for HOCl-modified proteins was not present intracellularly but was cell-associated and also lofor MPO using polyclonal rabbit anti-human MPO IgG (dilution 1:1000). E, An enlargement of (D) demonstrates the presence of MPO (arrows) at the borderline between chorion and decidua capsularis. F, Double labeling for trophoblast cells and MPO: MNF116-FITC (dilution 1:25, green) and rabbit anti-human MPO IgG (dilution 1:1000) were used as primary antibodies. Cy-3-labeled anti-rabbit IgG (dilution 1:500, red) was used as a secondary antibody. G, Double labeling for leukocytes and MPO: phycoerythrin(PE)-labeled anti-CD45 (dilution 1:40, red) and rabbit anti-human MPO IgG (dilution 1:1000) were used as primary antibodies. Cy-2-labeled anti-rabbit IgG (dilution 1:500, green signal) was used as a secondary antibody. H, Immunoreactivity for HOCl-modified proteins in the same area shown in A to D, using mAb 2D10G9 (dilution 1:1). The same pattern of immunoreactivity was observed using mAb 10A7H9 as the primary antibody at the same dilution (not shown). I, An enlargement of (H) demonstrates the presence of HOCl-modified proteins in the extracellular matrix between trophoblast cells (arrows). The same pattern of immunoreactivity was observed using mAb 10A7H9 as a primary antibody at the same dilution (not shown). J, Negative control of H and I: Preabsorption of mAb 2D10G9 with a 30-fold molar excess of HOCl-LDL. TL, layer of trophoblast cells; AE, amnion epithelium; DC, decidua capsularis. Original magnification, A to D and H, ϫ100; E and I, ϫ400; J, ϫ630. Scan field areas (x/y dimension), F ϭ 100 m; G ϭ 200 m. cated extracellularly along fibrous structures, eg, the matrix between the trophoblast cells of the chorion laeve (Fig. 1I) . No immunoreactivity was observed after preabsorption of mAb 2D10G9 (or 10A7H9) with a 30-fold molar excess of HOCl-modified low-density lipoprotein (HOCl-LDL) (Fig. 1J ), or when the specific primary antibodies were replaced by mousenonimmune serum (containing various IgGsubclasses) or mouse IgG 1 (data not shown).
MPO-H2O2-Chloride System and Human
Villous Part of the Placenta. The fetally derived placental villi, protruding into the intervillous space, are composed of a villous core that contains fetal blood vessels, fetal macrophages (ie, Hofbauer cells), and fibroblasts, embedded in connective tissue. The villi are covered by syncytiotrophoblast and thus directly bathed in maternal placental blood. Both villous cytotrophoblast cells underlying the syncytiotrophoblast and the syncytiotrophoblast were immunoreactive for the cytokeratin marker MNF116 ( Fig. 2A) . Hofbauer cells were localized within this tissue (Fig.  2B ), whereas immunoreactivity for neutrophil-derived elastase (not shown) was not observed. Immunoreac-
Figure 2.
Immunohistochemical detection of MPO and HOCl-modified proteins in serial sections of first trimester (A to D) and term placental villi (E and F). A, Identification of trophoblast cells using the cytokeratin marker MNF116 (dilution 1:500) as the primary antibody. B, Identification of fetal macrophages (Hofbauer cells) using the mAb Ber-MAK-3 (dilution 1:50). C, Immunoreactivity for MPO using polyclonal rabbit anti-human MPO IgG (dilution 1:1000). D, Immunoreactivity for HOCl-modified proteins in the same area shown in A to C, using mAb 2D10G9 (dilution 1:1) as a primary antibody. E, Immunoreactivity for MPO using polyclonal rabbit anti-human MPO IgG (dilution 1:1000). The arrows indicate MPO immunoreactivity in maternal and fetal blood cells. F, Immunoreactivity for HOCl-modified proteins in the same area shown in (E) using 2D10G9 (dilution 1:1) as the primary antibody. plV, placental villi; fC, fetal capillary; *, intervillous space containing maternal blood. Original magnification, A to F, ϫ400.
Hammer et al tivity for MPO (Fig. 2C ) and HOCl-modified proteins (Fig. 2D ) was absent in placental villi from the first trimester of pregnancy, during Weeks 7 through 12 of gestation. At term of gestation, pronounced immunoreactivity for MPO (Fig. 2E ), but not for HOCl-modified proteins ( Fig. 2F ), was apparent in both maternal (located in the intervillous space) and fetal (within the villous blood vessels) blood cells, eg, neutrophils and monocytes. In some preparations, an additional faint immunoreactivity for MPO was associated with endothelial cells of the fetal blood vessels (Fig. 2E) .
Decidua Basalis. The uterine decidua basalis (Fig.  3) , a composite tissue that is part maternal and part fetal in origin, lies beneath the villous placenta. It consists of invading trophoblast cells (Fig. 3A) , interposed between maternal cells, decidual stromal cells, epithelial cells of uterine glands, leukocytes (which may account for up 40% of total maternal cells (Loke and King, 1995) ), and other cells of maternal blood vessels. The specific trophoblast marker MNF116 was used to differentiate between the trophoblast-invaded decidua basalis, which takes part in the formation of the later basal plate, and the non trophoblast-invaded decidua parietalis. In the same area (shown in Fig. 3A ), monocytes/macrophages were identified with the mAb Ber-MAK-3 (Fig. 3B) , whereas labeling for neutrophils, using antibodies against neutrophil-derived elastase (Fig. 3C ) or cathepsin G (not shown), was very rare. MPO immunoreactivity was associated with monocytes/macrophages and was also located in the extracellular matrix (Fig. 3D) .
As shown in fetal membranes, the immunofluorescence double-labeling technique revealed that trophoblast cells (identified with MNF116) were not immunoreactive for human MPO IgG (Fig. 3E) . Colocalization of MPO was only observed with cells immunoreactive for CD45, ie, leukocytes (Fig. 3F) .
HOCl-modified proteins were not identified in the decidua basalis during the first trimester of pregnancy (Weeks 7 to 12) (Fig. 3G ). Immunoreactivity was also absent when mouse-nonimmune IgG was used as a primary antibody (Fig. 3H) .
Basal Plate. The basal plate is that part of the materno-fetal junctional zone that adheres to the delivered placenta. It is made up of an admixture of trophoblast cells, various endometrial stromal cells, decidual cells, uteroplacental vessels, and residues of endometrial glands without strict order. All of these tissue components are embedded in ample fibrinoid (Lang et al, 1994) , which makes up the glossy to fibrillar ground substance. Trophoblast cells readily infiltrated the basal plate of a term placenta (Fig. 4A) . Additionally, immunoreactivity for MPO was associated with deposits that may have been derived from monocytes or remnants of other cells but not from trophoblast cells (Fig. 4B) . In contrast to the decidua basalis (Fig. 3G ), pronounced and heterogeneously distributed immunoreactivity for HOCl-modified proteins was present in the basal plate from term placenta (Fig. 4C) . Similar to the chorion laeve ( Fig. 1 H and I) , immunoreactivity for HOCl-modified epitopes was not present intracellularly, but was associated with the extracellular matrix between trophoblast cells (Fig.  4C) . Preabsorption of mAb 2D10G9 with HOCl-LDL ( Fig. 4D ), but not with native LDL (not shown), prevented antibody binding, demonstrating that the immunoreactivity was specific for HOCl-modified proteins. Table 1 summarizes all of the immunohistochemical results on the presence of MPO and HOCl-modified proteins in human placental tissues.
Immunoblotting Experiments
Identification of MPO and HOCl-Modified Epitopes. To strengthen the immunohistochemical findings on MPO and HOCl-modified proteins, frozen tissue sample homogenates, the same as shown in Figure 1 , were used for Western blot analysis. The rabbit antibody to human MPO recognized the heavy subunit of MPO in detergent extracts of human neutrophils (Fig.  5A , lane 1) and placental tissues (Fig. 5A, lane 3) . The 58 kd MPO band comigrated with authentic MPO (Fig.  5A, lane 2) . Omission of anti-human MPO IgG (not shown) or preabsorption of the primary antibody with purified MPO (Fig. 5A , lane 4) did not reveal any immunoreactivity. In most tissue samples, a diffuse smear indicated the presence of HOCl-modified proteins in placental tissues (Fig. 5B, lane 1) . The heterogeneity in immunoreactive bands was probably caused by cross-linking of HOCl-modified proteins (ie, chloramines); which agrees with our previous findings in kidney tissues (Malle et al, 1997; Scheuer et al, 2000) . Again, omission of the primary antibody (not shown) or replacement of mAb with an IgG isotype control (not shown) eliminated all immunoreactivity. Competition experiments with both mAb (clone 2D10G9 and 10A7H9) preabsorbed with HOClmodified human serum albumin (HOCl-HSA) (Fig. 5B,  lane 2) or HOCl-LDL (not shown) at a molar ratio of 1:30 prevented antibody binding, demonstrating that the immunoreactivity was specific for HOCl-modified proteins rather than a nonspecific effect.
Discussion
MPO, an estrogen-inducible peroxidase, is present in placental tissues (Lyttle and DeSombre, 1977) but its localization within these was not known. In situ identification performed in the present study revealed immunoreactive MPO in fetal membranes and the basal plate and in maternal and fetal blood cells. Immunoreactivity for MPO in term placental tissues was mostly associated with cell remnants and monocytes. Although we did not differentiate between macrophages and monocytes, the latter cell type seemed to be the predominant source for immunoreactive MPO; this granule peroxidase is generally lost as monocytes mature into macrophages (Koeffler et al, 1985) . This might explain the absence of MPO immunoreactivity in macrophages of villous tissue at all stages of pregnancy. However, MPO secreted during the oxidative burst of monocytes can be taken up by macrophages (Shepherd and Hoidal, 1990), which in Immunohistochemical detection and immunofluorescence double labeling of MPO and HOCl-modified proteins in serial sections of the decidua basalis. A, Identification of extravillous trophoblast cells (arrows) within the maternal decidua basalis using mAb MNF116 (dilution 1:500) as the primary antibody. B, Identification of maternal monocytes/macrophages (arrows) using mAb Ber-MAK-3 (dilution 1:50). C, Identification of neutrophils (arrow) using the elastase-specific Hammer et al turn may enhance the macrophages capacity for phagocytosis and intracellular killing of microorganisms (Lefkowitz et al, 1996) . HOCl-modified proteins could only be detected in term placenta, not during the first trimester of pregnancy until week 12. This is irrespective of the fact that during Weeks 8 to 13 an increased generation of ROS could result from enhanced placental and endometrial partial pressure of oxygen (Rodesch et al, 1992) . However, as tissues between week 12 and term were not available, the onset of immunoreactivity for HOCl-modified proteins is unknown. HOCl-modified epitopes are only present in areas formed by fetally derived tissue or maternal decidual tissue (basal plate and fetal membranes); areas where fetal extravillous trophoblast cells invade the maternal decidua and may trigger the maternal immune system (Loke and King, 1995) . HOCl-modified proteins were not found intracellularly but were cell associated or found along fibrous structures of the extracellular matrix, similar to other tissues (Malle et al, 1997 .
A high rate of infiltration of monocytes/macrophages over a longer period reflects a chronic inflammation, which leads to pathologic alterations. During normal host defense, neutrophils are the major in vivo source for MPO. However, because of the absence of neutrophils in human placental tissues, in vivo generation of HOCl must be predominantly mediated by the MPO-H 2 O 2 -chloride system of activated monocytes, similar to findings in human atherosclerotic lesions. There, monocyte-derived MPO (Daugherty et al, 1994) seems to be the major source for HOCl and HOClmodified (lipo)proteins (Hazell et al, 1996; Malle et al, 2000) . Taurine, the most important in vivo scavenger for HOCl, significantly impairs lesion severity in dietinduced hypercholesterolemia (Petty et al, 1990) , supporting the notion that HOCl and the subsequent mAb M 0752 (dilution 1:50). The same pattern of immunoreactivity was observed using anti-human neutrophil cathepsin G antiserum (not shown). D, Immunoreactivity for MPO (arrows) using polyclonal rabbit anti-human MPO IgG (dilution 1:1000). E, Double labeling for trophoblast cells and MPO: MNF116-FITC (dilution 1:25, green) and rabbit anti-human MPO IgG (dilution 1:1000) were used as primary antibodies. Cy-3-labeled anti-rabbit IgG (dilution 1:500, red) was used as a secondary antibody. F, Double labeling for leukocytes and MPO: PE-labeled anti-CD45 (dilution 1:40, red) and rabbit anti-human MPO IgG (dilution 1:1000) were used as primary antibodies. Cy-2-labeled anti-rabbit IgG (dilution 1:500, green) was used as a secondary antibody. G, Immunoreactivity for HOCl-modified proteins in the same area shown in A to D, using mAb 2D10G9 (dilution 1:1) as the primary antibody. H, Negative control of D: rabbit nonimmune serum was used as the primary antibody. * maternal blood vessels. Original magnification, A to D, G and H, ϫ200. Scan field areas (x/y dimension), E, F ϭ 100 m. formation of chloramines account for deleterious effects during inflammatory conditions. The oxidation of proteins by HOCl is also believed to be a leading event in glomerular and tubulointerstitial injury (Malle et al, 1997) , because enhanced generation of ROS in hyperlipidemia-induced renal damage is tightly coupled with the generation of HOCl-modified proteins (Scheuer et al, 2000) . However, in contrast to other inflammatory conditions, such as atherosclerosis and glomerulosclerosis, the accumulation of monocytes/macrophages within the decidua seems to be a part of normal placental development and function. Utero-placental macrophages have the potential to produce a wide range of bioactive mediators, including nitric oxide. Because of regular oxygen and nitrogen species, both 4-hydroxynonenal (a lipid peroxidation product) and nitrotyrosine (an in vivo marker for peroxynitrite), are present in normal human placental tissues (Casasco et al, 1997; Many et al, 2000; Nakatsuka et al, 1999) . These findings support the contention that oxidative modification is a normal physiologic process in the placenta. However, it is probable that enhanced oxidative stress during inflammation is a leading cause for increased generation of modified proteins in placental tissues under pathologic conditions, eg, endometriosis, preeclampsia, chorioamnionitis, and diabetes (Kossenjans et al, 2000; Murphy et al, 1998; Myatt et al, 1996; Nakatsuka et al, 1999) .
The antibodies used to identify HOCl-modified proteins in human placental tissues react with HOClmodified epitopes generated by HOCl added as reagent or generated by the MPO-H 2 O 2 -chloride pathway (Malle et al, 2000) . The antibodies do not cross-react with other epitopes generated by lipid peroxidation or nitrating processes. Our findings do not exclude the colocalization of epitopes generated by lipid peroxidation or nitration with MPO-generated oxidation products; (i) tyrosyl radicals, generated by MPO in vivo in the absence of chloride ions, may initiate lipid peroxidation (Savenkova et al, 1994) and (ii) secondary radicals of protein-associated chloramines could also lead to the modification of proteins by secondary lipid peroxidation products (Hazell et al, 1999) . This assumption is supported by the faint immunoreactivity for nitrating intermediates associated with most cytotrophoblast cells within the uterine wall in normal term pregnancy but not in the first trimester of pregnancy (Many et al, 2000) . The epitopes generated by the MPO-H 2 O 2 -chloride pathway are primarily protein-chloramine adducts, interesting oxidants that could act as bioactive molecules by linking inflammation and immune response (Marcinkiewicz, 1997) . Early in acute inflammation, HOCl and other reactive and cytotoxic chlorine-derived oxidants may contribute to the neutrophil-dependent inflammatory reaction. When the acute phase continues and the number of macrophages increases, as occurs during invasion of trophoblast cells, chlorinated antigens may be taken up by local antigenpresenting cells, contributing to enhanced activation of antigen specific T cells. In support of these findings, HOCl-LDL was reported to induce synthesis of monocyte-derived IL-8 (Woenckhaus et al, 1998) , a cytokine with chemotactic activities for T cells. There is evidence that IL-8 is released from the amnion, decidua, and the placenta at term (Laham et al, 1999; Osmers et al, 1995) . A further role for chloramines 
during immunomodulation could involve the elimination of activated Fas-receptor-expressing leukocytes, because chloramines may enhance Fas-induced apoptosis in the lymphoblastic T-cell line Jurkat (Ogino et al, 2000) . A similar process has been recently addressed in endothelial cells, where Cu 2ϩ -oxidized-LDL, a convenient experimental model of physiologically important LDL modification, activated Fasreceptor-mediated apoptosis (Sata and Walsh, 1998) .
In summary, different oxidative pathways may affect the generation of ROS, the subsequent formation of modified proteins in placental tissues, and their relative contributions during gestation. Our results show that the MPO-H 2 O 2 -chloride system leads to the formation of HOCl-modified products, which are present in normal human term placenta but not during Weeks 7 to 12 of the first trimester of pregnancy. We therefore propose that oxidative modification of proteins, ie, the presence of HOCl-modified proteins, is a normal physiologic process in the human placenta during normal pregnancy. The presence of HOCl-modified epitopes is restricted to areas of the placenta where interaction between fetal trophoblast cells and maternal tissues takes place, indicating local stimulation of the maternal immune system. Whether chloramines provide a bridge between inflammation and the immune system and between the afferent branches of the innate and acquired immune systems (Marcinkiewicz, 1997 ) also in the placenta deserves further investigation.
Material and Methods
Antibodies
The following murine mAb (subtype: IgG 1 ) were purchased from DAKO (Vienna, Austria) and used as primary antibodies: MNF116-and MNF116-fluorescein isothiocyanate (FITC), specific for cytokeratins present in all trophoblast populations (Blaschitz et al, 2000) ; Ber-MAK-3, specific for CD163 present on tissue macrophages and activated monocytes (Blaschitz et al, 2000) ; and M 0752, specific for human neutrophil elastase. The IgG 2b mAb 2D10G9 and 10A7H9 were raised against HOCl-LDL (800 molecules of HOCl per LDL particle) (Malle et al, 1995; Malle et al, 2000) . Both mAb are highly specific for HOCl-LDL and other HOCl-modified proteins/epitopes and do not cross-react with native LDL or other modified/oxidized LDL preparations such as peroxynitrite-LDL, hemin-LDL, Cu 2ϩ -oxidized-LDL, 4-hydroxynonenal-LDL, malondialdehyde-LDL, glycated-LDL, or acetylated-LDL. The IgG 1 mAb KC 56, specific for the leukocyte common antigen CD45, and labeled with phycoerythrin (PE) was obtained from Coulter Instrumentation (Vienna, Austria).
The following polyclonal rabbit antibodies obtained from DAKO were used as primary antibodies: antihuman MPO IgG fraction and anti-human neutrophil cathepsin G antiserum.
The following polyclonal goat antibodies, obtained from Jackson Immunoresearch (West Grove, Pennsylvania) were used as detection antibodies in immunofluorescence double labeling: anti-rabbit IgGcyanine(Cy)-2 and anti-rabbit IgG-Cy-3.
Tissues
Human term placenta was obtained after normal vaginal delivery. First-trimester placental and decidual tissue from pregnancies in the period between Weeks 7 and 12 of gestation was obtained after termination of pregnancy by curettage for psychosocial reasons. This procedure was approved by the Ethical Committee of the Medical School, Karl-Franzens-University, Graz, Austria.
Immunohistochemical studies were performed on frozen sections of placental and decidual tissues from different normal pregnancies (n ϭ 7). Tissue samples were either snap frozen in liquid nitrogen for later processing or immediately frozen in a cryostat (Microm HM 500 OM; Microm, Walldorf, Germany) supported by tissue freezing medium (Tissue Tec OCT-compound; Miles, Elkhart, Indiana) . Serial cryosections (5 m) were collected on glass slides, air dried for 2 hours at 22°C,
Figure 5.
Immunoblot of MPO (A) and HOCl-modified proteins (B) in placental tissues. Antigens were separated by SDS-PAGE on 5% to 15% gradient polyacrylamide gels under reducing conditions and transferred to nitrocellulose. MPO was detected using rabbit anti-human MPO IgG and visualized with alkalinephosphatase conjugated goat anti-rabbit IgG. HOCl-modified proteins were detected using mAb 2D10G9 and visualized with peroxidase-conjugated goat anti-mouse IgG using the ECL Western blotting system. fixed in acetone for 5 minutes at 22°C, and stored at Ϫ40°C until required. Western blot experiments were performed on homogenates from fetal membranes (containing either complete membranes or membranes from which the amnion was mechanically removed) or on first trimester or term villous tissue.
Enzyme Immunohistochemistry and Light Microscopy
Before immunohistochemistry, sections were thawed, fixed once more in acetone for 5 minutes at 22°C, and rehydrated in PBS (pH 7.4) for 10 minutes. Immunohistochemistry was performed using a horseradishperoxidase-labeled streptavidin biotin kit (HRP-LSAB; DAKO), as described (Hammer et al, 1997 (Hammer et al, , 1999 . All incubations were performed in a moist chamber at 22°C, using PBS for washes between the incubation steps.
Briefly, after 5 minutes of incubation with blocking solution, the sections were incubated for 30 minutes with the primary antibodies diluted with antibody diluent (DAKO), followed by sequential 15-minutes incubations with a biotinylated linking antibody (goat anti-mouse or goat anti-rabbit IgG) and peroxidaselabeled streptavidin. The reaction was developed with 3-amino-9-ethyl-carbazole/dimethylformamide (Sigma, Vienna, Austria) and terminated by washing with distilled water. The sections were counterstained with Mayer's hemalum and mounted with Kaiser's glycerol gelatin (Merck, Vienna, Austria).
Control experiments encompassed immunohistochemistry (i) without primary detection antibodies, (ii) with monoclonal or polyclonal nonimmune antibodies as primary antibodies, (iii) without secondary antibodies, or (iv) using HOCl-modified (lipo)proteins as competing antigens (the competitor was preincubated with the primary antibody for 20 minutes at the indicated molar ratios before adding to the section). Pictures were taken with an Axiophot microscope (Zeiss, Oberkochen, Germany).
Double Immunofluorescence and Confocal Laser Scanning Microscopy
Acetone-fixed cryosections were incubated for 30 minutes with rabbit anti-human MPO IgG, then incubated for 30 minutes with either Cy-2-or Cy-3-labeled goat anti-rabbit IgG. The specimens were then incubated with FITC-labeled MNF116 for the detection of trophoblast cells, or with the pan leukocyte marker CD45, labeled with PE, respectively. PBS was used for washing sections between the incubation steps. Sections were mounted with Moviol (CalbiochemNovabiochem, La Jolla, California) and analyzed on a confocal laser scanning microscope (Leica TCS NT; Leica Lasertechnik GmbH, Heidelberg, Germany) equipped with an argon-krypton laser. Signals were detected with a double dichroic beam splitter (488/ 568 nm), using a 580 nm short pass and a 530 nm band pass filter for Cy-2 or FITC and a 590 nm long pass filter for Cy-3 or PE. Cy-2 and FITC immunofluorescence were colored green, whereas Cy-3 or PE immunofluorescence were colored red. Colocalization of green and red signals was colored yellow.
Polyacrylamide Gel Electrophoresis and Western Blotting Technique
Polyacrylamide gel electrophoresis was performed using 3.75% to 12.5% polyacrylamide gradient gels with electrophoresis at 150 V for 90 minutes in a Bio-Rad mini blot chamber (Bio-Rad, Richmond, California) . Tissue homogenates (fetal membranes, first trimester or term placenta) were dissolved in 1 ml of O'Ferral's buffer (3.04 M glycerol, 0.17 M SDS, 0.14 M Tris/HCl buffer pH 6.8, containing 5% mercaptoethanol) and centrifuged at 13,000 rpm for 10 minutes. Aliquots from the supernatant were diluted with sample buffer (0.1 M Tris/HCl pH 6.8, 4% SDS, 20% glycerol) at the ratio of 1:1 (v/v) and incubated at 95°C for 5 minutes before application to gels. For Western blotting experiments, proteins were transferred by electrophoresis to nitrocellulose membranes.
HOCl-modified proteins were detected by mAb 2D10G9 or 10A7H9 (dilution 1:25) followed by peroxidase-conjugated rabbit anti-mouse IgG (diluted 1:5000) (Sigma, Taufkirchen, Germany) . MPO was detected with rabbit polyclonal antihuman IgG (diluted 1:100) followed by alkalinephosphatase conjugated mouse anti-rabbit IgG (diluted 1:5000) (Biomedica, Graz, Austria). To visualize immunoreactive bands, ECL Western-blotting detection reagents and Hyperfilm-ECL (Amersham, Berlin, Germany) were used.
Control experiments encompassed immunoblotting experiments (a) without primary detection antibodies, (b) without secondary antibodies, or (c) using HOClmodified (lipo)proteins or MPO as competing antigens (the competitor was preincubated with the primary antibody for 20 minutes at the indicated molar ratios before adding to the nitrocellulose).
